Monitoring the quality of the bathing waters of Gipuzkoa (the Basque Country, Spain) makes it possible to assess the suitability of its 15 beaches for bathing throughout each season. In 1998, the parameters E. coli, somatic coliphages (SOMCPH) and F-specific RNA bacteriophages (FRNAPH) were incorporated into the bathing water quality monitoring system. This enabled the study of the link between bacterial and viral indicators as well as the analysis of the ratios between both types of indicators in waters with different levels of pollution. Although bacterial indicators (total coliforms (TC) and faecal coliforms (FC)) and enterococci showed a strong correlation between them, the correlations between the viral indicators and between the viral and bacterial indicators were weaker, though significant in all cases. The ratio between SOMCPH and E. coli indicates that at low levels of bacterial pollution (E coli ,100 MPN/100 ml) SOMCPH outnumber E coli. In contrast, at higher levels of pollution (E coli .100 MPN/100 ml), SOMCPH numbers are lower than those of E-coli. The data reveal the presence of viral indicators in waters classified as suitable for bathing by the European Directive and alert us to their suitability.
INTRODUCTION
The presence of enteric viruses such as enterovirus, hepatitis A virus, adenovirus, reovirus and Norwalk-type virus has been documented in marine waters (Girones et al. 1993; Puig et al. 1994; Enriquez & Gerba, 1995; Muscillo et al. 2001; Pusch et al. 2005) . These viruses can cause a number of waterborne diseases such as gastroenteritis, hepatitis, respiratory diseases and conjunctivitis, among others (Melnick 1984) . It is also known that enteric viruses survive longer than bacterial indicators and there are suspicions that bacterial indicators of faecal pollution may not be enough to assess faecal pollution or to be used as indicators of human viruses (Scientific Committee on Toxicity, Ecotoxicity, & Environment 2004; Ballester et al. 2005) .
The preamble to the new European bathing water directive (2006/7/EEC) (EEC 2006) states that although the global quality of bathing waters has improved significantly since Directive 76/160/EEC (EEC 1976) came into effect, it was desirable to update scientific and technical knowledge to a situation which has evolved over the last three decades.
In addition, the new directive stresses the urge to conduct doi: 10.2166/wh.2007.037 studies in order to incorporate more reliable indicators which will make it possible to foresee microbiological health risks and, consequently, better protect the population's health. Following the general tendency, the beaches of Gipuzkoa have also experienced a remarkable improvement from the middle of the 1980 s to the end of the 1990 s, mainly in locations where the impact of sewage has been greatly reduced by the implementation of sewage treatment plants (Bald et al. 2004 ).
Concerns about bathing water quality have generated extensive discussion on the parameters to be included in water quality assessment. The discussion has mainly focused on the feasibility of including a viral indicator of sewage pollution. Both somatic coliphages (SOMCPH) and F-specific RNA bacteriophages (FRNAPH) or bacteriophages infecting Bacteroides fragilis have been proposed as viral indicators and as persistent faecal pollution microorganisms (Tartera & Jofre 1987; IAWPRC 1991; Havelaar et al. 1993; Grabow 2001) . The presence of such indicators has been reported in both sea and fresh bathing waters. However, many of these studies were carried out either on one or a group of phages, or with methods not yet standardised. This clearly hinders the comparison of the results provided by the studies (Contreras-Coll et al. 2002) .
Finally, the new directive has not incorporated any viral indicator into the list of parameters to be used in the assessment of recreational water quality.
The aim of this study was threefold: (1) to assess the feasibility of including somatic coliphages and F-specific RNA bacteriophages among the parameters of a bathing water monitoring system, (2) to determine and quantify the presence of bacterial indicators (total coliforms (TC), E. coli and enterococci and bacteriophages (SOMCPH and FRNAPH) in the beaches of Gipuzkoa, and (3) to analyse the relationship between bacterial and viral indicators in beaches of differing water quality, using the counts of bacterial indicators (FC), enterococci and E. coli as classification criteria. The information required to achieve the aforementioned aims was obtained through the bathing water quality monitoring system of the Basque Government's Health Department (Ibarluzea et al. 2000) . The enumeration of E. coli and bacteriophages was incorporated into the monitoring system in 1998. The determination of FRNAPH ceased in 2001, whereas that of E. coli and SOMCPH has continued to the present. All the microbiological determinations were carried out at the Public Health Laboratory of Gipuzkoa.
MATERIAL AND METHODS

Beaches, sampling sites and sampling
The Gipuzkoan coastline comprises 15 beaches ( Figure 1) and a total of 23 sampling sites. Three beaches (Zurriola, Figure 1 | Location of the sampling sites of the Bathing Water Quality Monitoring System of Gipuzkoa. 1, Hondarribia; 2, Zurriola; 3, La Concha; 4, Ondarreta; 5, Orio; 6, Oribarzar; 7, Zarautz; 8, Malkorbe; 9, Gaztetape; 10, Santiago; 11, Itzurin; 12, Deba; 13, Odarbeltz; 14, Mutriku; 15, Saturraran. 
Bacteriophage determinations
Bacteriophages were quantified by a double agar layer technique following the ISO 10705-2 standard (ISO 2000) for enumeration of somatic coliphages (SOMCPH) and ISO 10705-1 (ISO 1995) for enumeration of F-specific RNA bacteriophages (FRNAPH) . The volume of water tested for each phage amounted to 10 ml. Values reported for bacteriophages refer to 100 ml volumes. The detection limit (DL) for both phages was 10 PFU/100 ml. Values amounting to half of the detection limit were assigned to the bacteriophages in all samples with analytical results below the DL.
Quality assurance
All bacteriological methods are accredited by ISO 17025 (ISO 2005) . For the analysis of bacteriophages pure cultures of F X174 and MS2 were used for a first-line quality control as reference material for SOMCPH and FRNAPH, respectively.
Data computation and statistics
The median and percentiles of the microbiological parameters for which Directive 76/160/EE establishes compulsory and guideline standards were used to assess bathing water quality (Table 1) were made using the Statistical Package for Social Sciences, version 12.0 (SPSS, 1999) . Some data were plotted as boxes and whiskers. The plotting provides summary statistics using five numbers; the minimum, the maximum, the median, the 25th and the 75th percentiles. P value # 0.05 was considered significant for the different tests. Table 2 Finally, Table 4 shows the relationship between the counted levels of FC, E. coli and enterococci with SOMCPH. As levels of E. coli increase, levels of SOMCPH increase too. Nevertheless, their relationship, measured in terms of the logarithm of the ratio between the counts of both indicators, shows that when E. coli counts are high (. 500 MPN/100 ml) the values of that indicator exceed those of SOMCPH, whereas when E. coli counts are low (, 100 MPN/100 ml) SOMCPH counts are higher. That is, the ratio turns from positive (0.48) to negative (20.10) as E. coli counts change from high to low. The ratio between these indicators shows significant differences among the three E. coli levels studied (ANOVA one-way: p , 0.001), as well as between the pairs of levels (Tukey test: p , 0.01).
RESULTS
The ratio between enterococci and SOMCPH also shows a relationship similar to that described for E. coli, since the ratio turns from slightly positive (0.07) to negative (2 0.45) as enterococci counts change from high to low. The ratio between enterococci and SOMCPH shows significant differences among the three enterococci levels (ANOVA one-way: p , 0.01). The ratio between TC, FC or enterococci with FRNAPH was always positive, regardless of the cut-point of the reference bacterial indicator used. Total coliforms/100 ml 10 000 500
Faecal coliforms/100 ml 2000 100
Enterococci/100 ml -100 p 95% of the samples must meet the standard.
pp 80% of the samples for TC and FC and 90% for enterococci must meet the standard. The differing percentages of positive samples for viral indicators may be caused by the capacity of SOMCPH to replicate in the water, outside the human and animal gut (Seeley & Primrose 1980; Vaughn & Metcalf 1975) , against the slim chances of this happening in the case of FRNAPH (Novotny & Lavin 1971) . ppp Ratio between E. coli and SOMCPH: Log E. coli -Log SOMCPH; ratio between FC and SOMCPH: Log FC -Log SOMCPH; ratio between enterococci and SOMCPH: Log enterococci -Log SOMCPH.
The negative ratio between FC or E. coli and SOMCPH Moreover, the lack of epidemiological information to prove a clear link between levels of pathogenic viruses or viral indicators and the type of morbidity most frequently associated with bathing, either gastrointestinal (Kay et al. 1994 (Kay et al. , 2001 ; Prü ss 1998) or respiratory (Fleisher et al. 1996) , makes it difficult to determine which is the best indicator to be used and which are its reference values. In this respect, some information has been provided recently on the possible reference values for somatic coliphages based on the no-observed-adverse-effect levels obtained in randomised controlled trials conducted in freshwater bathing areas of Germany (Wiedenmann et al. 2006) . This adds a further element to the discussion on the feasibility of using viral indicators to control bathing water quality.
